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Introduction 
This study of existing outpatient clinic records from 
the Forest Grove Pacific University Optometry Clinic was 
initiated by two general questions. First, is accommodative 
performance and convergence performance as measured by con-
ventional clinical tests significantly poorer in patients 
recommended for visual training as compared with general 
clinical population? Secondly, is the frequency of visual 
complaints associated with near visual tasks significantly 
higher in patients recommended for visual training than 
those patients not recommended for visual training? Both 
of the foregoing questions refer to nonstrabismic and non-
amblyopic patients. "Conventional optometric wisdom" would 
answer both of these questions in the affirmative. This 
study was designed to explore limited areas of these two 
questions and to determine if "conventional wisdom" is 
reasonably correct. 
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Design of Record Analysis 
Several methods of analysis of clinical measurements 
of accommodative and convergence may be used to evaluate 
performance. These could involve having a group of partici-
pating optometrists or members of the clinical faculty rate 
the overall case as to whether vision training is recommended 
or not recommended. With this procedure a rank correlation 
among raters and between criteria could be studied. 
A second approach involves comparing cases recommended 
for vision training and those not recommended for vision 
training by means of criteria such as the Orinda study. 1 
This procedure has the disadvantage that it represents 
mutually agreed upon screening standards to prevent over 
referral of cases requiring visual services. .A second dis-
advantage to an Orinda criteria method is that the referral 
intervals may have very different statistical characteristics 
for each item. For example, near phorias are deemed in need 
of clinical evaluation if greater than 5Aesophoria or gA 
exophoria. pive esophoria is approximately 2 standard 
deviations from the mean while 9Aexophoria is only slightly 
more than one standard deviation. At 6 meters, 5Aeso and 
~exophoria are both approximately 2 standard deviations 
from the mean. Such criteria as the Orinda study produce 
a dichotomous classification of each finding variable used .. 
Since the Pacific University Clinic . files already 
contained cases sorted into those where vision training was 
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recommended and those where vision training was not recom-
mended by the student clinicians and their clinical super-
visor~ the initial distinction between vision training and 
non vision training cases had already been made. In order 
to determine if accommodative and convergence performance 
were different for vision training and non vision training 
recommended cases, this study used the Normative Analysis 
index score system as developed by Professor Haynes as the 
2 
method of evaluating these two parameters. Accommodative 
and convergence index scores have the advantage of combining 
into one numerical value sets of tests such as phorias, 
ductions, near point of convergence, etc., by converting 
each individual finding into a standard score. Standard 
scores may then be summed for comparative purposes. 
Despite the use of a large test battery, the resulting 
index scores serve as a manageable indicator of performance. 
for example, a person with average performance would get a 
score of 30 for A. and c .. If we had another person with be-
l l 
low average performance, he would get index scores below 30. 
The opposite would be true for a person with above average 
performance. In this latter instance, the index scores 
could approach 40. 
In order to answer the questions posed in the intro-
duction of this paper a small body of data had to be col-
lected. However, more data was collected than was really 
necessary for this paper. For example, it was necessary to 
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know if the patients had visual complaints, but it was not 
necessary to delineate if the complaints dealt with diplopia, 
indistinct vision, discomfort, or if the complaints were 
task related. It was necessary to know the A. and C. and 
l l 
the vision training recommendation, but it was not necessary 
to know anything about the P lens or the distance the pre-
scription was to be used at. All of this extra information 
was collected so that Professor Haynes could analyze the 
data and resolve additional questions. 
To begin colLecting the data two major categories were 
selected. The first was made up of cases in which no vision 
training was recommended. This served as a comparison group 
for the non vision training group , and was the first category 
to be pulled from the files. The second group was made up 
of cases in which vision training was recommended . 
Cases had to meet certain qualifications to be placed 
in either the vision training or the non vision training 
categories . First of all, the patient must have been be-
tween the ages of 5 and 45. The floor of 5 years of age was 
to ensure that a sufficient number of tests could be per-
formed during the examination to y±eld a reasonably accurate 
normative analysis . The ceiling age of 45 was to avoid the 
lowering effect that presbyopia has on the accommodative 
index score. 
Amblyopes and all tropes were also excluded from the 
study. This exclusion was done so that the strabismic and 
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amblyopic patients would not bias the results. The two 
samples VT and non VT were drawn up in order to study 
patients with both normal and abnormal visupl behaviors and 
refractive characteristics. Patients in both groups could 
be described as binocular performers. 
For the purpose of this study the diagnosis on the case 
disposition portion of the record was used as the criteria 
for whether or not a patient was an amplyope or a trope. 
If no mention was made in the diagnosis of a condition of 
amblyopia or squint, the case was double checked in the 
areas of cover test and maximal visual acuity to be certain 
that an omission in the diagnosis section of the recording 
form had not been made. 
One last point needs to be made in connection with the 
qualifications that a case must possess. Sometimes cases 
presented themselves which had unusually few tests recorded. 
Again, if too few tests are used in a normative analysis, 
the validity of the analysis suffers. Thus these cases were 
rejected if there were no ductions run or if the near 
crossed cylinder tests and the positive and negative relative 
accommodation tests were all absent. In all other instances, 
analyses were run on whatever tests were available. 
The non VT recommended group was drawn from the patient 
files at the Forest Grove Clinic. Random numbers from one 
to 26 were generated on a computer. The numbers were 
6 -
matched to the ordinal placement of letters in the English 
alphabet. The first number generated the letter "U". 
Starting with the first case in the "U" file, every 
tenth case was pulled, and used, provided it met the quali-
fications described earlier. If the selected case failed 
to meet those qualifications, subsequent files were pulled 
one by one until a case was found which was acceptable. 
Then the next tenth file was pulled, until this process had 
generated a sufficient number of cases for statistical com-
parisons. Eventually 154 cases were selected for the non 
vision training category. 
In some cases, the file selected had within it data 
from several examinations. When this happened, the most 
recent data was selected for use 1n calculating index scores 
and the P sphere for the patient. 3 However there were some 
exceptions to this . 
Some of the cases showed far fewer test results for the 
most recent exam than one of the older exams. The data base 
for determining the P and the index scores was the standard 
OEP 21 point exam, along with the near point of accommodation 
and the near point of convergence findings. In approximately 
10% of the multiple exam cases it was found that the most 
recent exam had a lot fewer tests recorded than an older 
exam. In such cases, the more vintage exam was chosen in 
deference to a more valid analysis. 
; 
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The second major category in the survey was made up of 
cases in which vision training was recommended. The training 
could be either one for .in ·office training or for home 
training, or a combination of both. Starting with the first 
case under "A'' in the Forest Grove Clinic files, cases in 
which vision training was recommended were selected. The 
extent of the selection was the entirety of the "A" and "B" 
files, as well as from "Danca" through "Ekman", and from 
"Gebbie" through "Hancox". Eventually 170 cases were se~ 
lected for this category. 
Here again these cases had to meet the same criteria as 
the control group to qualify as a case to be included in the 
study. Because of these criteria, patients were limited to 
152 cases of general binocular dysfunction (GBD) , one case 
for myopia control (which was placed under GBD on the score 
sheet) , 16 total cases of developmental and visually in-
volved learning disabilities, and two cases for visual en-
hancement therapy. 
For the sake of clarity, a GBD is usually considered to 
be an instance where there exists poor performance in any one 
or in any combination of the following: eye pursuit move-
ments, saccades, accommodative skills, convergence skills, 
un±fication (including stereo acuity) , certain hand-eye 
skills, and interaction between accommodation and convergence. 
A visually involved learning disability is when there 
is a diagnosis of a learning disability by educational 
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standards, along with a visual dysfunction of some sort 
requiring basic vision training. The dysfunction is often 
classified as a general pinocular dysfunction. 
A developmental case is classified when a patient is 
both a GBD and is behind on certain standard developmental 
tests. These tests usually involve different kinds of 
visuomotor activities. 
A visual enhancement case is a patient who has met the 
average visual skill level and who wants to improve upon 
some visual skill or skills. The areas to be enhanced could 
be the basic skills covered by the standard OEP 21 point 
exam or could include such areas as peripheral visual acuity, 
peripheral stereo acuity , dynamic visual acuity, etc. 
While inspecting the VT cases it was frequently noted 
that there were records of several exams present. The exam 
selected for use in this study was the one in which vision 
training was first recommended. This exam invariably was 
found to have sufficient tests performed to allow for a 
valid normative analysis. 
Once the cases were pulled and met all of the proper 
qualifications, a normative analysis was performed and the 
"P" lens power was determined. This was done utilizing the 
normative analysis computer program on file at Pacific 
University. 3 The P lens was considered to be the composite 
P and not the "forced" or "·free" P . The data for the deter-
mination of the P lens were taken from the spherical 
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components of refractive findings (in minus cylinder form) 
of the right eye. The right eye was selected because eye 
dominance was not recorded for a large number of the 
patients, and because most people are right eye dominant. 
After determining P sphere, a number of details were 
noted about each case, such as age, the habitual spherical 
prescription, the value of the lens that was recommended, 
the intended working distance for that lens, the vision 
training classification, whether or not the patient accepted 
a vision training recommendation, and the nature of the 
patients' symptomology. 
Most of the above details are relatively self explan-
atory. However, there are two computations on the Normative 
and VT Classification form which merit elaboration. (See 
Appendix) The first is the item entitled "P- Rx". What 
this means is the difference between P and the lens that was 
prescribed after the exam. In a case where a single vision 
lens was prescribed, "P- Rx" means the difference between a 
far prescription and P. However if the lens prescribed is 
for exclusive use at near, or for some other distance than 
far, "P- Rx" does not necessarily indicate a deviation from 
P in the patient's far lens prescription. What is being 
compared whenever columns marked "near" or "other" are 
checked in the "Use of Rx" category is a far prescription 
to a near prescription. 
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In addition, a lot of cases were encountered in which 
no lenses were prescribed. In such cases it was impossible 
to guess whether this occurred because the habitual prescrip-
tion was exactly what they would have prescribed, or if the 
habitual prescription was merely close to the lens they would 
have prescribed, or if there were some other extenuating 
reasons why a lens was not prescribed. In all of these cases 
it was assumed that the lens prescribed was plano. There-
fore, whenever the column on the form marked "no Rx" is 
checked, "P- Rx" for that patient equals P. 
The second computation on the normative score sheet 
which merits explanation is the one entitled "P- hab". This 
means the difference between P and the habitual prescription. 
As in the instance of "P- Rx", when the habitual prescription 
was single vision for far or for full time wear or when a 
bifocal was prescribed, "P- hab" compares two far prescriptions. 
When the habitual prescription was for near only, or for some 
distance other than far, "P- hab" compares a far prescription 
to a prescription for some other distance. Of course if no 
lens was habitually worn, the habitual prescription .was 
plano and "P- hab" became equal to P. 
Another factor which may have caused some validity 
problems with "P- Rx" and "P- hab" is the matter of contact 
lens wear. This could be due to several reasons. First, 
fitting characteristics of contact lenses sometimes produce 
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a tear lens which must be compensated for in the power of 
the contact lens itself. Also, the cylinder component of 
the refraction may affect the sphere power of the contact 
lens, since the contact lens is usually a spherical equiva-
lent in cases of astigmatism. Finally, the just noticeable 
difference of contact lens patients is often a bit larger 
than in spectacle lens patients and therefore the contact 
lens patient may show less reliability in refractive findings. 
As a result, some of the contact lens patients in this study 
may have had a contact lens power prescribed which would 
have been somewhat different than if a spectacle lens had 
been prescribed. However, these three factors probably had 
little overall effect on "P- Rx" and "P- hab" in this study. 
This is primarily because the tear lens probably was less 
than 0.50D in magnitude, and secondly because there were 
only approximately ten contact lens patients drawn in the 
two samples. 
Results 
A total of 324 patients between the ages of 5 and 45 
were drawn from the Pacific University Optometry Clinic 
active file for study. Visual training was recommended for 
170 patients under three general diagnostic groupings, 
namely general binocular dysfunction (GBD) , visual skill 
enhancement, and developmental visual training cases. No 
cases of strabismus and/or amblyopia were included in this 
selection. 
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A random sample of 154 non VT recommended cases were 
drawn from the files to complete the total of 324. These 
cases had no visual training recommendations and served as 
the comparison group. 
Accommodative and convergence index scores were cal-
culated for each case. The vision training set (n=l70) and 
the non vision training set (n=l54) were sorted further on 
the basis of age, the presence or absence of complaints or 
symptoms, and acceptance or rejection of vision training. 
In all cases where there was no mention of amblyopia 
in the diagnosis section, it was found that the visual acuity 
was better than 20/30 and that the acuities of both eyes 
were within an acuity line of each other. In other words, 
no instance of a false negative diagnosis of amblyopia was 
discovered. 
No false negatives were found for the strabismus cases 
either. However there were approximately five cases in 
which the patient reported occasional diplopia under refractor 
test conditions or on environmental tasks, yet did not show 
a tropic response on the cover test. These patients were 
included in the study on the basis of the absence of signs 
of squint, and on the basis of most or all of the 21 point 
exam having been performed. 
Statistical significance for this study was arbitrarily 
set at the 0.05 level of confidence. Significant values are 
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shown as ~0.05, ~0.01, or ~0.001 to indicate the approximate 
level of the probability calculations. 
Table 1 shows the six subsets of the vision training 
and no vision training sets. These sets are each broken 
down into five age categories. Inside each cell of the 
table are tabulated the mean and standard deviation of the 
accommodative and convergence index scores, and the number 
of persons that were sorted into each cell. 
Inspection of Table 1 shows few patients in the age 
group 36 to 45 were recommended for vision training. It 
may be noted also that in the 36 to 45 age group where no 
vision training was recommended that the accommodative index 
score had already started to drop, while the convergence 
score stayed about the same as for the other ages. Given 
the small sample of VT patients and the dropping of A. scores 
l 
in the 36 to 45 year age group, this age group was dropped 
from further consideration. 
Comparative statistics relative to age are shown in 
Table 2 for the VT and non VT groups. The difference be-
tween the mean ages of the vision training and non vision 
training groups is significantly different at the 0.05 con-
fidenoe level. 
The mean of the non VT sample is nearly four years 
older and has a significantly larger variance as measured 
by the F test. 
5-11 
VT Status A . c. l .l. 
-VT recommended X 24.84 24.89 
and accepted, s 5.45 4.98 
compl aint n 24 
-VT recommended X 26.88 25.22 
and accepted, s 4.98 3.78 
no complaint n 8 
-VT recommended X 24.22 25.39 
and rejected, s 7.16 3.79 
complaint n 10 
-VT rec ommended X 26.67 25.38 
and rejected, s 2.72 8.31 
no complaint n 4 
-No VT recom- X 28.05 28.50 
mended, s 4.44 4.65 
complaint n 11 
-No VT recom- X 28.40 28.72 
mended, s 4.40 4.16 
no complaint n 8 
·----- - --
TABLE 1 
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15 3 
23.39 22 . 17 
5.30 2.65 
3 0 
25,33 28,31 19.64 27.92 
3.57 4.08 5 . 26 5 , 03 
2.4 16 
25.52 29.75 22.64 28.22 
6.66 3.35 6.35 3.11 
11 10 
-------- - ---- --- -- ----- --- --- ------ ·-···---------
Table 1 displays accommodative and convergence ~ndex scores for five age groups and 
six patient categories, making 30 cells. The means and standard deviations of the 




Age Statistics for VT and Non VT Groups 
Statistic VT Sample 
humber 170 patients 
mean 18.92 years 
median 18 years 
mode 7 years 
standard 
deviation 8.92 years 
standard error 
of the mean 0.69 years 
range 6 through 
45 years 









Table 2 compares statistics for the vision 
training and non vision training groups. These 
statistics include the 36 to 45 age group. 
Table 3 compares the differences between the vision 
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training and non vision training sets for the 5 to 35 age 
group. Chi square indicates the two groups are not dis-
tributed by chance for the several age groups (p~0.05). 
TABLE 3 
Distribution of Cases by Age Groups 
5-11 12-18 I 19-24 25-35 
VT Cases 46 43 35 39 163 
Non VT Cases 19 31 43 35 128 
65 74 78 74 291 
2 
x = 10.14, degrees of freedom = 3 (o( = 0.05) 
Table 3 compares the number of patients found in 
four age groups and two patient categories. Note 
the tendency for VT cases to be younger than the 
non VT cases. 
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No difference was found between the frequency of patient 
acceptance or rejection of vision training as a function of 
age. Chi square analysis of the data shown in Tables 4, 5 
and 6 supports the lack of difference in the frequency of 
acceptance or rejection of vision training. 
TABLE 4 
VT Recommended and Accepted 
Age l No Complaint Complaint 
5-18 ll 41 52 
19-35 ll 35 46 
22 76 98 
2 
x = 0.1067; not statistically significant 
Table 4 displays the number of patients with 
complaints and without complaints for two 
age groups. 
TABLE 5 
VT Recommended but not Accepted 
Age No Complaint Complaint 
5-18 8 29 37 
19-35 6 22 28 
14 51 65 
2 
x = 0.0003; not statistically significant 
Table 5 displays the frequency of no complaints 
to complaints as a function of age for the VT 
recommended but not acc~pted. No significant 

















x 2 = 0.3586; not statistically significant 
Table 6 compares the frequency of no complaints 
to complaints as a function of age for the non 
VT group. 
17 
The following question was raised 1n the introduction: 
"Is the frequency of visual complaints associated with near 
visual tasks significantly higher in patients recommended 
for VT than those patients not recommended for VT?" Tables 
7 and 8 were constructed using the chi square statistic to 
evaluate this question. Table 7 compares the frequency of 
complaints with no complaints for the VT and non VT sets. 
If no visual complaints were recorded on the case his-
tory the case was entered into the "No Complaint" category. 
If one or more complaints were recorded the patient was 
entered into the "Complaint" category. The hypothesis that 
the VT group would have more visual complaints than the 
non VT set was statistically tested. 
The VT group was subdivided into two categories, namely 
those accepting VT and those rejecting VT, and compared to 
the non VT set. Age was restricted to the 5 to 35 age group. 
Table 8 compares the "Complaint" to "No Complaint" ratio for 
VT and non VT sets. Tables 7 and 8 both show the VT set to 
have a higher complaint ratio than the non VT set. 
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TABLE 7 
Nb Complaint/Complaint Ratio Difference 
Non VT VT Rejected VT Accepted 
Complaint 83 51 76 210 
No Complaint 45 14 22 81 
128 65 98 291 
2 
x = 5.093 df = 2 o<.= 0.05; statistically significant 
Table 7 compares the number of patients with and without 
complaints for three VT categories. A one-tailed chi 
square analysis shows statistical significance. 
TABLE 8 
No Complaint/Complaint Ratio Difference 
Non VT VT Recommended 
Complaint 83 127 
No Complaint 45 36 
128 163 
2 Xc = 6.10; statistically significant 
Table 8 compares the number of patients 




(p ~ 0. 05) 
with and without 
The primary question to be resolved by this clinic file 
survey was to determine whether accommodative and convergence 
performances as measured by accommodative and convergence index 
scores were lower in cases recommended for training than non 
vision training cases. Patients recommended for vision training 
had lower accommodative and convergence index scores than patients 
not recommended for vision training. This was true whether the 
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vision training was accepted or rejected by the patient, 
and was true whether there were complaints of ocular symptoms 
or no complaints. Table 9 displays the supporting calcula-
tions. Index score differences between the VT and non VT 
are statistically significant at better than the 0.001 
level of confidence. These statistics support "conventional wis-
d om" i n that accommodative and conver gence performance in 
VT cases is significantly poorer than a random sample of 
non VT patients. 
TABLE 9 
VT and Non VT Index Scores 
Non VT VT Set 
Statistic A. I c . A. I c . l l l l 
Age 5 - 35 5 - 35 
Number 128 163 
Mean Score 28. 6 0 28.90 25.15 25.56 
Standard 
Deviation 4.53 3.89 5.28 
Standard 
Error of 
The Mean 0.40 0.35 0.41 
VT vs. Non VT 4A . : Z = 6.02 
l 




Table 9 displays statistics relative to index 
scores for VT and non VT patients between the 
ages of 5 and 35. Differences in accommodative 
and convergence index scores are clearly 
statistically significant. 
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Discussion of Results 
Since it is shown that cases recommended for vision 
training have lower index scores than non-recommended cases, 
interns at Pacific University College of Optometry's Forest 
Grove Clinic are probably recommending vision training based 
at least in part on optometric test finding and not just on 
the basis of patient complaints alone or based on some other 
criteria alone. This is borne out by the fact that index 
scores in the vision training groups are significantly less 
than the non vision training groups even when the existe nce 
of patient complaints is ignored. While this does not mean 
that vision training can be recommended on the basis of a 
normative analysis alone, it does mean that interns are 
responding to test data in formulating their vision training 
recommendations. 
Suggestions for Future Problems 
If this study were to be replicated or investigated 
further, several suggestions could be made. First of all 
a few more categories could be delineated in making up the 
vision training disposition score sheet. Additional cate-
gories may include such items as myopia control and perhaps 
an indicator for whether or not the vision training was done 
in office or at home. 
Secondly, a category could be specified regarding the 
refractive status of the patient. This would show the 
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presence of uncorrected hyperopia, astigmatism and anisome-
tropia. In this way, refractive asthenopia could be ruled 
out when considering patient complaints. 
Thirdly, contact lens cases should probably be left 
out of the study. This would be due to the three reasons 
mentioned in the "Method" section of this paper. Namely, 
the tear lens, the cylinder, and the just noticeable 
difference. 
Other possible areas to be studied that relate to this 
project could include comparisons between any of the various 
complaints and index scores to see if there are any 
correlations. 
Work could also be done with cases where only A. or 
l 
only c. or where both A. and C
1
. awe low. Comparisons could 
l l 
be made between index scores, vision training recommendations, 
and patient complaints. 
Summary 
Three hundred twenty four cases were selected from 
Pacific University College of Optometry's Forest Grove Clinic 
patient files. Normative analysis was performed on each of 
the cases and comparisons were made between normative index 
scores and vision training recommendations. It was found 
that rega~dless of age or of the existence of patient com-
plaints, cases which were recommended for vision training 
had lower accommodative and/or convergence index scores than 
a random sample of patients not recommended for vision training. 
Footnotes 
1. "The Orinda Vision Study", AJO & Am. Acad. Optom., 
9/1959. 
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2. See Chapter II (Normative Case Analysis for Refrac-
tive and Motor Tests) of the unpublished volume ''A 
Behavioral Approach to Case Analysis" by Dr. Haynes. 
3. According to Haynes the "P" factor or P sphere concept 
was first developed by Professor C.B. Pratt in 1956. 
Pratt used five tests in his original calculations. 
These were the 7, 7 red-green, 7 crossed cylinder, 
21 blur out with 16 BI, and l4B through 16 BI. 
Haynes in 1979 developed a list of constants for eight 
additional refractive tests by which the spherical 
endpoint of the accommodative system may be validly 
measured to approximately 0.060 where a minimum of 
8 different tests are used and an accuracy of O.lOD 
with 5 different tests. 
The basic formula is: 
(Oa + K) + (Oa + K) + ... 
p 
N 
where: N = number of tests in the numerator 
Oa= any of the following endpoint tests: 
7, 7RG, 7cc, 21BI, l4B-BI, 4, 
7a, -7R, -7BO, -7cc, 2lBOm, 21Rm, 
HNmd. 
(for more information, see Appendix) 
4. The computer program, "NORHAN", was a fourth year thesis, 
and the program is available through the computer center, 
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